Aims: This study examined the dietary and anthropometric components of diabetic patients with or without diabetic foot ulcers (DFU).
INTRODUCTION
Diabetic foot ulcers (DFU) affect 12% of patients with Diabetes Mellitus (DM) in the United States (U.S.), which if not properly treated or managed leads to lifethreatening consequences, such as lower limb amputation [1] . Despite educational and preventive efforts to decrease the incidence of DFU and lower limb amputations, the rates of both have actually increased [2] . The severity of amputation increases morbidity and mortality as well as costs associated with medical care, rehabilitation and loss of productivity [3] . With the aging of the population and the increasing prevalence of diabetes (9.3%, 2014) , amputation rates and associated costs may increase further [2] .
It is well know that diabetes mellitus patients have compromised wound healing with an average healing time of 10-11 weeks [4] . However, conservative and local treatments often fail, leaving patients with nonhealing chronic wounds or amputations [5] . DFU are chronic wounds which have failed to proceed in an orderly and timely reparative process within 8 weeks, which is responsible for 50-70% of all non-traumatic amputation [6] . Despite the many advanced technologies that have been developed, such as cultured human dermis transplantation (Dermagraft), *Address correspondence to this author at the Department of Nutrition, Food, and Exercise Sciences, The Florida State University, Tallahassee, FL 32306, USA; Tel: 1-850-645-7169; Fax: 1-850-644-5000; E-mail: hmaier@fsu.edu epidermal cells (Apligraf), recombinant human PDGF (rhPDGF), and Hyperbaric Oxygen (HBO) therapy [7] [8] [9] , nutritional intervention has not been considered as a possible adjunctive or complimentary treatment for DFU.
Normal cutaneous wound healing usually follows a well-orchestrated integration of complex biological and molecular events including coagulation, inflammation, cell migration and proliferation, and tissue remodeling [10] . Proper nutrition is fundamental to support a healthy immune system and promote cell proliferation and protein synthesis involved in the healing process [11] . Overall nutrition status and individual nutrients, such as fatty acids (e.g. omega 3), protein, iron, zinc, and anti-oxidative vitamins (vitamin A, C, and E), have been proven to be beneficial in wound healing [12] [13] [14] [15] .
Investigations using animal and human models have shown that vitamins and minerals play essential role in glucose metabolism therefore they are important in the prognosis and management of DM. It is recommended that daily vitamins and minerals consumption from natural and modified food sources would be beneficial in decreasing the risk of DM as well as its complications [16] .
Only two studies, none in the U.S., have evaluated dietary patterns and intake of specific nutrients in patients with DFU. In a French study, DFU patients had significantly lower vitamin E intake (9.4 v.s.12.5 mg/day) and higher alcohol consumption (27.2 v.s.6.7 g/day) than patients with diabetes but without DFU [17] . Results from an Indian study showed that DFU patients with non-healing wounds had significantly lower vitamin C intake and serum protein compared to healthy controls [4] . Dietary pattern and food choices are highly affected by culture. This has not been explored in the U.S. especially with regard to DFU.
The objective of this study is to compare nutrient intake and anthropometric data of patients with diabetes and with or without DFU in order to identify dietary risk factors for the occurrence for DFU.
METHODS

Study Design
The Human Subjects Committee of The Florida State University (FSU) and Institutional Review Board of Capital Regional Medical Center (CRMC) and Tallahassee Memorial Healthcare (TMH) in Tallahassee, Florida, U.S., approved the research protocols. A total of 82 subjects were recruited from the CRMC and TMH wound care facilities, the TMH diabetes center, and the FSU. There were three distinctly different groups in the present study in reference to their health status as follows: 1) control group (Control; n = 26) with an average age of 55.7 ± 7.1 years; 2) individuals with controlled type 2 diabetes but without foot ulcer (DM; n = 26 with an average age of 60.5 ± 7.8 years; and 3) patients with diabetic foot ulcers (DFU; n = 30) with an average age of 61.17 ± 9.1years. Subjects' characteristics are present in Table 1 . Sample size estimation was determined as a function of effect size (ES), the significance criterion (alpha) and the statistical power. With significance accepted a priori at p < 0.05 and with the accepted ES of 0.80, a minimum of 26 subjects in each group were required [18] .
Written informed consent was obtained from all subjects prior to data collection. One 24-hour food recall was collected at the initial interview. Two other 24-hour food recalls were collected by phone on two different days of the week in the following four weeks after the initial interview. Control subjects were defined as generally healthy individuals, without diabetes, without direct family members with diabetes, and not taking more than one prescription medication. Subjects in group DM and DFU must have been previously diagnosed with diabetes by a medical doctor. Subjects in DM group were in good glucose control according to self-reported Hemoglobin A1c of less than 7.5% and free of severe diabetic complications such as nephropathy, retinopathy, and neuropathy. Inclusion criteria for the DFU group were diagnosis of DFU and without severe diseases, such as end-stage renal diseases, organ transplants or cancer.
Dietary Assessment
Dietary intake was estimated from the average of three 24-hour food records of two weekdays and one weekend day. Nutrient intake and percentage nutrients consumption based on dietary reference intakes (DRIs) were estimated using Food Processor SQL 10.1.0 (ESHA Research, Salem, OR). Nutrients intake are presented in absence of dietary supplements. Nutrients included in the analysis were total energy, fat, protein, carbohydrate, dietary fiber, vitamins, and minerals, percent of energy from fat, protein, and carbohydrate. The servings of fruits and vegetables were manually estimated based on Choose Your Foods: Exchange Lists for Diabetes [19] .
Biochemical Analyses
Non-fasting serum sample were collected from all participants. Markers of inflammation and oxidative stress were measured using the serum samples. Creactive protein (CRP) was measured using CRP high sensitive enzyme-linked immunosorbent assay (ELISA) commercial kits (IBL international, Hamburg, Germany). Lipid peroxides (LPO) were measured using thiobarbituric acid reactive substances (TBARS) assay kits (R&D Systems, Inc. Minneapolis, MN).
Statistical Analyses
Data was analyzed using the Statistical Package for Social Science (SPSS) version 21.0 (SPSS, Inc., Chicago, IL). All variables were normally distributed. Results were presented as mean ± standard deviation. The designated statistical significance value was p < 0.05 for all tests. Descriptive statistics and comparative one way ANOVA were conducted to provide population characteristics and to determine differences among groups with post hoc Bonferroni's correction for multiple comparisons. Correlation analyses were evaluated by Pearson's correlation coefficient. General linear model was established to predict the duration of DFU using the best predictors gleaned from Pearson's correlations and ANOVA. (Table 1) The mean age of the study population was 59 years old. The subjects with diabetes (DM and DFU) were older than the control group in average (p < 0.05). However, there was no age difference between DM and DFU. The BMI of DFU and DM were 36 ± 8 (mean ± S.D.) and 33 ± 6, respectively, which was significantly greater than control (27 ± 6). Only one of the 30 DFU patients and two of the 26 DM subjects had a BMI < 25. Seventy-three percent of subjects of the DM group and 70% of the DFU were obese (BMI > 30). Body weight was significantly different among the three groups (p < 0.001). DFU (111 ± 30 kg) had significant higher body weight compared with DM (96 ± 18 kg, p = 0.028), which was greater than control (73 ± 16 kg). The male/female ratio of the control, in control, DM and DFU groups were 4/22, 13/13 and 20/10, respectively. There were no gender differences in all analyzed parameters. Mean duration of diabetes mellitus in the DFU group (18 ± 13yr) was significantly longer than mean duration of diabetes in the DM group (6 ± 7yr, p = 0.000).
RESULTS
General Characteristics
Energy and Macronutrients (Table 2)
Energy intake was below 90% of the Dietary Reference Intakes for Americans (DRI) in all subjects. However, DM and control group having more than 80% of the DRI, while DFU only met an average of 55% of DRI for energy. Estimated protein consumption of the DFU subjects (0.57 g/kg) were below the recommended protein intakes for adults. This was significantly lower than the DM (0.97 g/kg) and control (1.02 g/kg) groups, which met the protein recommendations (0.8 g/kg).
For all groups, energy from total fat accounted for approximately 30-35% of total energy and intake of saturated fat was about 10% of total energy. There were significantly differences among the groups for trans-fat intake with DM having the highest (3.23g) and control having the lowest (0.68g). DFU (255mg) and control (235mg) had average cholesterol intakes below , c ) show differences between groups (p < 0.05). One-way ANOVA used for differences among groups with post hoc Bonferroni's correction for multiple comparisons. BMI, body mass index; C, control subjects without diabetes; DM, patients with diabetes but without DFU; DFU, subjects with DFU. the recommendation of 300mg; while the subjects in DM group consumed in average 317mg cholesterol per day.
Total sugar intake did not differ among the three groups while fiber intake was the highest in the DM (25g) and lowest in the DFU (11.9g). All participants consumed less than 75% of recommended of amount for fiber, with DFU only consume 35% of the DRI for fiber. None of the groups met the dietary recommendation of consuming at least three servings of vegetables and two servings of fruits daily, DFU had ) show differences between groups (p < 0.05). One-way ANOVA used for differences among groups with post hoc Bonferroni's correction for multiple comparisons. AGE, advanced Glycation end products; CRP, C-reactive protein; TNF-α, Tumor necrosis factor-alpha; TBARS, thiobarbituric acid reactive substances; C, control subjects without diabetes; DM, participants with diabetes mellitus but without foot ulcers; DFU, participants with DFU. , c ) show differences between groups (p < 0.05). One-way ANOVA used for differences among groups with post hoc Bonferroni's correction for multiple comparisons. C: Control, subjects without diabetes; DM, patients with diabetes but without DFU; DFU, subjects with DFU.
the lowest vegetable intake compared with DM and control with less than one servings per day (p = 0.002).
Micronutrients (Table 3)
Since the study population has compromised fruits and vegetable intake overall, inadequate intakes of almost all micronutrients have been observed, particularly in DFU group. Using the RDA or AI for the age group as reference for adequacy, all groups had extremely low intakes of vitamin D (~12%) and E (~38%) while all had adequate intakes of iron and sodium. Of the nine vitamins studied, no statistical differences were detected among the three groups in the intakes of vitamin A, B12, C, D, and riboflavin. Most alarmingly, all participants had less than 20% of RDA for vitamin D from their diet. All groups had diet deficient in calcium, magnesium, and potassium regardless of existence of diabetes mellitus while the intakes of iron and sodium were above 100% of RDA. Sodium intake was extremely high with DM consuming more than 300% adequate intake (AI) for sodium; 4200g/day in average. DFU had significantly lower intake in calcium (p = 0.013), magnesium (p = 0.026), iron (p = 0.039), and potassium (p = 0.004) compared with DM and control.
The Association between Nutrients and Markers of Inflammation
The associations of biochemical findings and wound healing have been reported elsewhere [20] . The intakes of fruits and vegetables also inversely associated with TBARS (Figure 1 ). There was a strong negative correlation between CRP and dietary vitamin C (r = 0.341, p = 0.021) (Figure 2) . This indicated the reverse association of the levels of anti-oxidative vitamins and inflammation in the body.
DISCUSSION
Nutrition is crucial for wound healing. In the current study, subjects with DFU were at high risk for malnutrition as evidenced by significantly low intakes of energy, protein, dietary fiber, vitamin C, D, and E, calcium, magnesium, iron, and potassium. In addition, the DFU group had the lowest energy intake among the three groups, yet their body weight was the heaviest. Obesity despite very low nutrient intakes may have been due to significantly reduced energy expenditure as a result of physical inactivity, decreased fat-free mass and lowered metabolic rate associated with ageing [21] . The overall morbidity of having a foot ulcer may have contributed to decreased appetite and subsequent reduced energy intake.
Adequate protein intake is essential for the integrity of connective tissue, muscle, and skin. Protein requirements are influenced by disease states, immune status and injuries [11] . In wound healing, large amount of protein is essential for immunological defense and tissue reconstruction [13] . Up to 1.5 g dietary protein per kg body weight is recommended for chronic wound healing [22] . The DFU subjects in this study had the protein intake of 0.57 g per kg well below the RDA of 0.8g per kg per day for healthy adults and only 33% of the amount recommended for wound healing. Dietary intakes of fruits and vegetables were estimated based on 3-day food recalls as described, and data are expressed as servings per day. F &V, dietary intakes of the combination of fruits and vegetables; TBARS, thiobarbituric acid reactive substances. C: Control, subjects without diabetes; DM, patients with diabetes but without DFU; DFU, subjects with DFU.
In this study, patients with DFU had the lowest intakes of fruits and vegetables and significantly higher levels of oxidative stress and inflammation. The increased oxidative stress accelerates the development of diabetic complications [16] . Many fruits and vegetables are high in vitamins, minerals, and plant polyphenols, which are known to be potent antioxidants. Prospective data analyzed from the Women's Healthy Study showed that dietary intakes of fruits and vegetables were inversely associated with diabetes risk in overweight women [23] . More specifically, the consumption of green leafy vegetables and fruits, but not fruit juices was associated with a lower risk of diabetes among women [24] . The deficiencies in fruits and vegetable intake of DFU subjects may exacerbate the prognosis of diabetic complications.
Patients with diabetic foot complications have been reported with inadequate intakes of magnesium, calcium, zinc, riboflavin, folate and vitamin A in Australia [25] . In this study, DFU subjects were deficient in thiamin, vitamin B6, C, D and E, calcium, magnesium, potassium, and zinc. DM subjects were deficient in vitamin D and E, calcium, magnesium, potassium and zinc. Control subjects were deficient in vitamin D and E, calcium, magnesium, and potassium. Compare to DM and control, DFU subjects were lacking thiamin B6, and had significantly lower intakes in calcium and magnesium.
Vitamin C and E are known antioxidant vitamins. In addition, vitamin C is known as the anti-scurvy vitamin necessary for the vitality of the connective tissue. It has been shown that the levels of vitamin C and E in the system decrease when rats experience cutaneous wounding due to increased levels of free radicals [26] . In this study, there was a strong negative correlation between CRP and dietary vitamin C intake. Experimental ascorbic acid deficiency has been shown to cause bleeding gums, and slow healing of wounds and fractures [13] . DFU patients in this study had significantly lower vitamin E intake than patients with diabetes but without foot ulcer consistent with a French study [17] .
Inadequate Vitamin D intake is associated with poor glycemic control in type 2 DM. A meta-analysis that examined the roles of vitamin D and calcium in type 2 DM suggested that since deficiencies were negatively associated with glucose metabolism that supplementation with vitamin D and calcium may decrease the risk of diabetes [27] . Although dietary intake of vitamin D was universally low in all subjects in this study, this is still of greater concern in the DFU and DM subjects since vitamin D has been found to be involved in wound healing through the production of cathelicidin, which is a group of antimicrobial peptides that are essential in the innate immune system [28] . Decreased levels of vitamin D may play a role in the impairment of re-epithelialization [29] .
Zinc plays a major role in the biochemical and molecular events of tissue repair, such as in zinc finger transcription factors in mRNA coding for growth factors [30] . Zinc deficiency is also related to elevated oxidative stress in diabetes, which has been proposed as a cause of diabetic complications [31] . Dietary zinc defici- ency has been reported in 54.5% patients with chronic wounds, of which 31 home care patients with pressure ulcer or venous stasis ulcer were evaluated [32] .
Of great concern is the high sodium and low potassium intake of all participants in the study. With an average intake of 3040 mg sodium and 1480 mg potassium per day, sodium intakes were significantly higher than RDA (235% AI), while potassium intakes were significantly lower (33% AI) than the recommendations. The dietary guideline for sodium is 2300 mg and the AI for potassium is 4700 mg per day. Hypertension and resistance to blood pressure therapies are associated with high sodium and low potassium intake [33] . This has greater implications for people with DM since they are at higher risk of cardiovascular diseases. In addition, sodium and potassium, as well as calcium, play fundamental role in the secretion of insulin by pancreatic beta cells. The electrical activity from the flux of potassium and calcium across the cell membrane is necessary for the release of hormones. Lower intake of dietary potassium is associated with the increased risk of diabetes. Data analyzed from the Coronary Artery Risk Development in Young Adults (CARDIA) has shown that lower intake of dietary potassium is associated with increased risk of the incidence of diabetes.
It is necessary to address other nutritional problems revealed in this study, more specifically, nutrition and heart diseases. American Heart Association recommends that energy from fat should be within 20-35% of total energy intake, and that saturated fat should account for less than 7% of total energy [34] . In this study, fat intake of DFU subjects was 34.9% of total energy, with saturated fat at 11%. It is well recognized that patients with diabetes have an increased risk for cardiovascular disease. It is recommended that such individuals lower their total fat intake, especially saturated fat intake [35] . Recommended by American Heart Association, energy from trans-fat should be less than 1% of total energy and cholesterol intake should be less than 300 mg. In this study DM participants had the highest trans-fat intake of 3.23 g per day, which was 1.5% of total energy, while DFU had trans-fat intake of 0.8% of total energy. The estimated average trans-fat intake in the US population analyzed from the 2003-2006 HNANES data was 1.3 g per person per day [36] .
The limitation of the study is that the sample size is small. Due to the nature of the disease, particularly DFU, the recruitment of participants are very challenging. However, with larger sample size, the malnutrition phenomenon among these patients would be more significant. From this pilot study, the findings concluded that the DFU subjects in this study definitely require nutrition education and supplementation in order to improve their nutritional status and promote wound healing. If the study sample is representative of the total population of people with DFU, then this has major implications on health care. Nutrition education and promoting supplementation is essential in reducing the cost of wound care as well as wound related morbidity. This prospective study has provided valuable information regarding the nutritional intake of patients with DFU. The DFU subjects in this study had very poor quality nutrition. These findings support the concept that nutritional quality promotes optimal wellness and prevention of morbidity. However, the comorbidity of the study subjects were not considered. It has been noticed that most of the subjects in DFU group were suffering from chronic kidney disorders, which may play a role in their biochemical marker and nutritional intakes. A future research on improving nutritional intake of malnutrition patients with diabetes mellitus may be beneficial in managing diabetes, as well as in preventing diabetic complications, such as DFU.
